We propose a single-run liquid-chromatographic determination, with ultraviolet detection at 330 nm, for serum retinol and retinyl esters. The vitamin A derivatives are extracted according to the Bligh-Dyer procedure. With 200 il of serum, the lower detection limit is 50 zg/liter for retinol and about 100 tg/liter for retinyl esters. Within-run precision (CV) was 2.3% for retinol, 4.3% for retinyl palmitate. Day-to-day precision (CV, n = 20) for retinol was 4.9% during a month. The method can be used for the assessment of vitamin A absorption tests and for the determination of serum retinol (normal, subnormal, and above-normal concentrations).
The determination of retinol and retinyl esters is usually performed by column-chromatographic separation followed by fluorometry (1, 2) or by batch separation on alumina followed by colorimetry with trifluoroacetic acid (3) . We describe here a high-performance liquid-chromatographic method for simultaneously determining retinol and retinyl esters by reversed-phase chromatography, with on-line ultraviolet detection at 330 nm. A similar method was recently reported by Abe et al. (4) , using fluorometry for on-line detection. We reported a method for the specific determination of serum retinol by adsorption high-performance liquid chromatography (5) .
Materials and Methods

Chromatographic Equipment
We (8, 9) .
Procedure
Sample extraction.
Transfer 200 Ml of serum (or plasma) to a centrifuge tube; add 0.6 ml of water, 2.0 ml of methanolic solution of internal standard, 137 pg/liter, and 1.0 ml of CHC13.
After thorough mixing for 1 mm and standing for 5 mm, add 1.0ml of water and 1.0ml of CHC13.Mix gently and centrifuge (1500 X g, 5 mm). Transfer the CHC13 (lower) phase to an evaporation tube and evaporate under reduced pressure.
Dissolve the residue in 100 iil of CH3OH/CHC13 (4/1 by vol). After sonication for 10 mm, inject 50 il of the solution on top of the column.
Chromatography.
Methanol is used as the mobile phase at and 0.01 A full-scale to continue the run (detection of the higher retinyl esters).
Quantitation.
The procedure is standardized by adding retinol, retinyl palmitate, and retinyl stearate to samples of a serum pool and taking these through the entire procedure. Peak heights of retinol and retinyl propionate (internal standard) are measured and recalculated to a 0.1 A full-scale setting, whereas the peak heights of the higher retinyl esters are measured and converted to a 0.01 A full-scale setting.
From values obtained, the peak height ratio is calculated [analyte/retmnyl propionate (internal standard)]. Working curves (Figures 1 and 2 ) for each analyte relate peak height ratio to mass ratio. The working curve for retinol (Figure 1 ) is used after subtraction of the intercept with the y-axis. This intercept represents the endogeneous retinol concentration of the serum pool used for standardization.
No significant intercept is found for retmnyl palmitate or retinyl stearate (Figure 2 ) because the normal concentrations in serum are too low to be detected. Serum concentrations in the unknown samples are easily determined after measurement of the peak height ratios by use of these working curves. 
Results
Peak height ratio and mass ratio were linearly related over the range of 0-0. 2 ).
Reproducibility.
We determined within-day precision of the method by performing 11 replicate analyses on a serum sample from a subject to whom 300 000 mt.units of vitamin A was administered.
Day-to-day precision for retinol was estimated by analyzing serum samples from a serum pool (stored in darkness at -18 #{176}C) during a one-month period (n = 20).
The results are shown in Table 1 Figure 3 . Identity of the serum peaks. Peaks were identified on the basis of their retention characteristics. Retention times of the serum peaks matched those from a standard mixture containing the different vitamin A derivatives. A chromatogram of such a standard mixture is shown in Figure 4 . Capacity ratios (k') of retinol and retinyl esters are given in Table 4 .
Absorption maxima of the serum peaks were also determined by injecting a fixed amount, with a fixed-volume (10 Ml) loop, of a serum extract at different wavelength settings and recording the peak heights. The absorption maxima (325 5 nm) were identical for all peaks and agreed with values reported in the literature for retinol and retinyl esters (9) .
Discussion
According to previous work on retinyl ester composition after vitamin A intake (7), four different esters should be found in lymph. With our method the chromatogram ( Figure   3 ) of a serum extract, containing retinyl esters formed in vivo, showed only four peaks with absorption at 330 nm. The first peak (RCH2OH) is also present in a serum extract of a fasting person, and is retinol. Apart from retinyl propionate (C3) used as internal standard, three retinyl ester peaks are found. The o first ester peak (C18:2) is very small and is probably retinyl linoleate. The second (C16, C15:j) is a composite peak containing retinyl palmitate and retinyl oleate. These two esters cannot be separated by reversed-phase chromatography on octadecyl silica with methanol as eluent. To resolve them, a more selective system should be used. Reversed-phase chromatography with AgNO3/CH3OH as mobile phase is being investigated in our laboratoryand seems quite promising. The third ester peak (C18) is retinyl stearate. The use of heavily loaded silica (18% organic material bonded) is imperative for the simultaneous determination of retinol and retmnyl esters. It allowed us to use pure methanol as mobile phase. If lower loadings of organic phase are used, water must be added to the eluent to causeretention of retinoL However, the increased water content of the mobile phase can cause precipitation of the esters. Furthermore, the residue of the serum extract will not dissolve in a CH3OH/H20 mixture. Even with pure methanol, the residue is not completely dis- and the other on adsorption chromatography. To overcome the problems on reversed-phase systems mentioned above, they used a mixture of isopropanol/ethanol/water as mobile phase and fluorometry for detection. Due to the specificity of the fluorescence detector, retinol has probably not to be retained on the column to afford specificity. Unfortunately, their paper only reports retention times and not k'-values, and thus this assumption cannot be verified.
The use of the fluorescence detector also allowed them to use an adsorption system for determination of low concentrations of retmnyl palmitate. Apart from the fact that the palmitate is probably unretained, they did not include retention times for phytofluene, a highly fluorescent compound that interferes with fluorometric assays, as reported by Thompson et al.
(10).
We had to usethe Bligh-Dyer (11) extraction to get a high extraction recovery for retmnyl esters. We failed to achieve reproducible and quantitative extraction with a hexane procedure as reported by other workers (2-4) .
For the assessment of vitamin A absorption tests, this method has the advantage that it does not require a blood sample before ingestion of the vitamin. Serum retinol concentrations are unaffected whether or not vitamin A has been ingested. The ingested vitamin A is present in the serum only in the esterified form. In serum from normal fasting persons, the concentration of retinyl esters is too low to be measured, so the test can be interpreted by the concentration of retinyl esters present in serum after ingestion. The advantage of a single venepuncture and only one analysis over analysis of two _______________________________________________ samples taken at 4-h interval is obvious.
chromatography for determination of retinol and retinyl esters offers several advantages over other assays now in use. The column chromatography with on-line ultraviolet detection at 330 nm provides specificity and permits the determination of both free and esterified vitamin A in serum. The method is rather sensitive, because only 200 il of serum is necessary to obtain detection limits of 50 gfliter for retinol and ± 100 ag/liter for retmnyl esters. The addition of an internal standard (retinyl propionate) before the extraction improves the precision and compensates for possible losses during manipulation. Use of a fluorescence detector would improve the procedure, because a fivefold increase in sensitivity together with a better specificity can be expected. However, fluorescence detection is more subject to problems than is the usual absorption detection technique.
